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ABSTRACT
We analysed archival data of Chandra pre-explosion observations of the position of SN 2014J
in M82. No X-ray source at this position was detected in the data, and we calculated upper
limits on the luminosities of the progenitor. These upper limits allow us to firmly rule out
an unobscured supersoft X-ray source progenitor with a photospheric radius comparable to
the radius of white dwarf near the Chandrasekhar mass (∼1.38 M) and mass accretion rate
in the interval where stable nuclear burning can occur. However, due to a relatively large
hydrogen column density implied by optical observations of the supernova, we cannot exclude
a supersoft source with lower temperatures, kT  70 eV. We find that the supernova is located
in the centre of a large structure of soft diffuse emission, about 200 pc across. The mass,
∼3 × 104 M and short cooling time of the gas, τ cool ∼ 8 Myr, suggest that it is a supernova-
inflated superbubble, associated with the region of recent star formation. If SN 2014J is indeed
located inside the bubble, it likely belongs to the prompt population of Type Ia supernovae,
with a delay time as short as ∼50 Myr. Finally, we analysed the one existing post-supernova
Chandra observation and placed upper limit of ∼(1–2) × 1037 erg s−1 on the X-ray luminosity
of the supernova itself.
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1 IN T RO D U C T I O N
Type Ia supernovae (SNe) are highly luminous stellar explosions,
visible over cosmological distances. The chemically enriched ejecta
from SN explosions are important to galactic evolution, and may
also play a role in the enrichment of the intergalactic medium
(Hillebrandt et al. 2013). The correlation between peak brightness
and exponential fall-off time of the light curves of Type Ia SNe
(Philips 1993) means that they can be used as standardizable cos-
mological candles to measure the expansion history of the Universe
(Riess et al. 1998; Perlmutter et al. 1999). However, the progenitor
systems giving rise to these SNe remain poorly understood, despite
decades of studies (see e.g. Maoz, Mannucci & Nelemans 2013).
The consensus is that the exploding objects are carbon–oxygen
white dwarfs near the Chandrasekhar mass (∼1.38 M) that un-
dergo thermonuclear runaways when the density and pressure in
their cores reach values where carbon and oxygen will be processed
unstably into radioactive iron-group elements. Alternatively, recent
 E-mail: medesen@gmail.com
studies suggest that the progenitors may also be sub-Chandrasekhar
mass white dwarfs, see e.g. Sim et al. (2012). The resulting explo-
sions completely destroy the white dwarfs, and the subsequent de-
cay of mainly radioactive 56Ni in the ejecta powers exponential light
curves which, for a period of weeks to months may outshine the inte-
grated luminosity of the host galaxies. However, it remains unclear
how a carbon–oxygen white dwarf may reach the Chandrasekhar
mass. Carbon–oxygen white dwarfs are usually formed at masses
significantly lower than that required for thermonuclear runaway,
and therefore a binary origin of Type Ia SN progenitors is usually as-
sumed. Two general classes of progenitor scenarios are commonly
considered: the single-degenerate and double-degenerate (DD) sce-
narios. In the former, a white dwarf accretes hydrogen-rich material
from a non-degenerate companion, and this material is then pro-
cessed into carbon and oxygen via thermonuclear burning on the
surface of the accretor (Whelan & Iben 1973). In the DD scenario,
a binary system goes through two separate white dwarf formation
events (or – in rare cases – a single event in which both compo-
nents become white dwarfs simultaneously; see Toonen, Nelemans
& Portegies-Zwart 2012), after which the binary loses angular mo-
mentum, until the two components merge to form a single white
C© 2014 The Authors
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dwarf with a mass at or above that required for a Type Ia SN explo-
sion (Iben & Tutukov 1984; Webbink 1984). Both scenarios have
been studied intensely, but due to the relative scarcity of Type Ia SN
events in nearby galaxies direct observational evidence is lacking.
One promising way to distinguish between progenitor scenar-
ios is by X-ray observations. The reason is that the thermonuclear
burning of hydrogen-rich material on the surface of the white dwarf
in the single-degenerate scenario is expected to be highly lumi-
nous in supersoft X-rays. This would mean that single-degenerate
progenitors are so-called supersoft X-ray sources, characterized by
near-Eddington luminosities (Lbol ∼ 4 × 1037–1038 erg s−1) and
low effective temperatures (kTeff = 30–150 eV) (van den Heuvel
et al. 1992; Kahabka & van den Heuvel 1997). This supersoft X-ray
source state of a single-degenerate progenitor would presumably
persist up to the point where the accreting white dwarf explodes
as a Type Ia SNe. On the other hand, DD progenitors are not ex-
pected to be supersoft X-ray sources for sufficiently long – if at all
– to make up an observationally significant population of supersoft
X-ray sources, and any supersoft X-ray emissions would anyway
likely have ceased long before the SN explosion (Nielsen et al.
2014b). If pre-explosion observations of the positions of known
Type Ia SNe can be obtained it may therefore be possible to es-
tablish if the progenitors are single-degenerate, accreting systems.
As a consequence, a systematic search of the Chandra data archive
is being undertaken, see Voss & Nelemans (2008), Roelofs et al.
(2008) and Nielsen, Voss & Nelemans (2012, 2013a), but so far, no
unambiguous direct detections of supersoft X-ray emissions from
Type Ia SN progenitors have been found. Moreover, the number of
observed supersoft X-ray sources and the integrated soft X-ray lumi-
nosity of gas-poor galaxies both fall one to two orders of magnitude
short of accounting for the expected number of massive, accreting
white dwarfs, provided the single-degenerate scenario is the domi-
nant contributor to the Type Ia SN rate (Di Stefano 2010; Gilfanov
& Bogda´n 2010). This constraint also holds if single-degenerate
progenitors radiate at lower temperatures than that typical of most
supersoft X-ray sources (Woods & Gilfanov 2013; Johansson et al.
2014). We note that the discrepancy between expected and observed
supersoft X-ray sources may be explained by obscuration from local
material lost from the binary itself (Nielsen et al. 2013b).
On 2014 January 22, the discovery of a new SN (initially des-
ignated PSN_J09554214+6940260) in M82 was announced and
categorized as a young Type Ia (Cao et al. 2014). Shortly after-
wards, it was re-designated SN 2014J, and the exact position was
given as 09:55:42.121, +69:40:25.88, as reported in STSI (2014).
At a distance of ∼3.5 Mpc (Dalcanton et al. 2009), this is the closest
Type Ia SN since SN 1972E more than 40 years ago. Since then,
a number of sensitive satellite X-ray telescopes have been in op-
eration, including EXOSAT, Einstein, ROSAT, XMM–Newton and
Chandra. As a result, large amounts of archival X-ray data are now
available. The relatively short distance to M82 raised the possibil-
ity that SN 2014J might yield much-needed, strong observational
constraints on the progenitor problem.
As a continuation of the systematic archival search mentioned
above, the authors analysed the publicly available pre-explosion
Chandra observations of the position of SN 2014J to establish if
an X-ray source was present. Additionally, we analysed the single
available post-explosion observation of SN 2014J to establish up-
per limits on the X-ray luminosity of the SN itself. In Section 2 we
present our data analysis, and Section 3 discusses the implications
of our results. Section 4 concludes. This paper represents an elabo-
ration on the preliminary results reported by Nielsen et al. (2014a),
see also Maksym et al. (2014).
2 DATA R E D U C T I O N A N D R E S U LT S
The Chandra data archive contains 22 epochs of publicly available
pre-explosion observations covering the position of SN 2014J, taken
with the CCD Imaging Spectrometer detectors, ACIS-I and ACIS-
S. Combined, these epochs amount to 828 ks of observations. In
all observations, the SN position is within an off-axis angle of
3 arcmin, and for ≈43 per cent of the observing time within an
off-axis angle of1 arcmin. The observations used in this study are
summarized in Table 1.
In addition, a post-explosion observation (observation 16580,
lasting 46.85 ks) was completed on 2014 February 4, shortly after
maximum light of SN 2014J (PI: Margutti). Unlike regular Chandra
observations which usually become public a year after completion
of the observation, these data were made public immediately. The
results of their initial analysis have been reported by Margutti et al.
(2014).
For data reduction we used the CIAO-4.6 software suite. The anal-
ysis in the following expands on that used in Nielsen et al. (2012,
2013a).
As can be seen from Table 1, the observations were spread over
a long time interval, the earliest being from shortly after the launch
of Chandra and the latest little less than a year before the SN. All
observations were reprocessed with CIAO’s chandra_repro script.
We used the re-calibrated event and support files for the rest of our
data analysis.
Initial inspection of the individual observations revealed several
observations to have streaks of photons originating from the read-
out of a saturated source nearby (designated CXO-M82-J09 in the
Chandra catalogue). In observation 10542 (the longest exposure
of the 22 epochs) one of these streaks crosses the position of the
progenitor, hence contaminating it. We removed the streak from
observation 10542 using CIAO’s acisreadoutcorr function, and
used the corrected observation for the remainder of our data analysis.
The 22 epochs of pre-explosion observations (with the corrected
version of observation 10542) were stacked into one image. To
ensure the correct alignment of the Chandra images used in our
analysis, we compared prominent point sources in the stacked image
with sources in the ds9 catalogues. Fig. 1 shows how the point
sources in the stacked image line up with known optical sources,
confirming that the astrometry of the image is sufficiently accurate
for our purpose.
2.1 X-ray environment of the progenitor
We filtered the stacked image into a soft (500 eV to 2 keV) and hard
(2 to 10 keV) energy band. In the soft band, CIAO’s wavdetect script
(using the default detection threshold of sigthresh =10−6) finds
a point source approximately 7 pixels (∼3.5 arcsec) south of the
reported SN position, and two other sources within approximately
13 and 15 pixels (∼6.5 and ∼7.5 arcsec) to the east and north-east,
as shown in Fig. 2. These are all too far away to be associated with
the SN progenitor, but could contaminate our measurements if not
removed. The source north-east of the SN progenitor position is
also detected in the hard band.
As can be seen in Fig. 2, the SN is located near the centre of
a roughly circular region of excess soft X-ray emission, of ap-
proximately ∼6−8 arcsec radius (∼100–140 pc radius, assuming a
distance of 3.5 Mpc to M82). To investigate the origin of this emis-
sion and its possible connection to the SN, we extracted a spectrum
of a circular region of 6 arcsec radius centred at the SN position. We
used suitably chosen background regions in the empty areas north
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Table 1. Chandra observations used in this study.
Chandra Exposure Pointing Detector Observation
observation time (RA, Dec.) date
(ks)
361 33.25 (09:55:51.10, +69:40:45.00) ACIS-I 1999-09-20
378 4.12 (09:55:47.00, +69:40:58.00) ACIS-I 1999-12-30
379 8.94 (09:55:47.00, +69:40:58.00) ACIS-I 2000-03-11
380 5.0 (09:55:47.00, +69:40:58.00) ACIS-I 2000-05-07
1302 15.52 (09:55:51.10, +69:40:45.00) ACIS-I 1999-09-20
2933 18.02 (09:55:52.60, +69:40:47.10) ACIS-S 2002-06-18
5644 68.14 (09:55:50.20, +69:40:47.00) ACIS-S 2005-08-17
6097 52.77 (09:55:50.20, +69:40:47.00) ACIS-S 2005-02-04
6361 17.45 (09:55:50.20, +69:40:47.00) ACIS-S 2005-08-18
8190 52.77 (09:55:50.20, +69:40:47.00) ACIS-S 2007-06-02
10025 17.4 (09:55:50.20, +69:40:47.00) ACIS-S 2009-04-17
10026 16.94 (09:55:50.20, +69:40:47.00) ACIS-S 2009-04-29
10027 18.28 (09:55:50.20, +69:40:47.00) ACIS-S 2008-10-04
10542 118.61 (09:55:51.30, +69:42:51.60) ACIS-S 2009-06-24
10543 118.45 (09:55:37.60, +69:42:25.10) ACIS-S 2009-07-01
10544 73.53 (09:55:54.20, +69:38:57.70) ACIS-S 2009-07-07
10545 95.04 (09:56:07.80, +69:39:34.10) ACIS-S 2010-07-28
10925 44.54 (09:55:54.20, +69:38:57.70) ACIS-S 2009-07-07
11104 9.92 (09:55:46.60, +69:40:38.10) ACIS-S 2010-06-17
11800 16.82 (09:56:07.80, +69:39:34.10) ACIS-S 2010-07-20
13796 19.81 (09:55:46.60, +69:40:38.10) ACIS-S 2012-08-09
15616 2.04 (09:55:50.50, +69:40:40.00) ACIS-S 2013-02-24
Figure 1. Comparison between optical sources (marked with circles 2.5
arcsec in diameter) from the Naval Observatory Merged Astrometric Data set
(NOMAD) Catalog (source designations: 1596−0106751, 1596−0106755
and 1596−0106759) and the stacked image used in our analysis. All three
sources are also found in the 2MASS Point Source Catalog, and the source
designated 1596−0106759 in NOMAD is additionally found in SDSS Data
Release 6 (Adelman-McCarthy et al. 2008). The cross marks the position of
SN 2014J.
and south-east of the soft excess (Fig. 3). The spectrum was fit with
the thermal emission of an optically thin plasma in collisional equi-
librium, for which we used XSPEC’s mekal model (Kaastra & Mewe
1993; Liedahl, Osterheld & Goldstein 1995) with the interstellar
absorption modelled by phabs. Fixing element abundances at so-
lar values, we obtained the best-fitting temperature of kT = 0.61
± 0.03 keV and the neutral hydrogen column density of NH =
(8.6 ± 0.4) × 1021 cm−2. Assuming spherical symmetry, from
the model normalization we compute the mean gas density of
nH ≈ 0.19 cm−3 and the total mass of the gas Mgas ≈ 3 × 104
M. The cooling time of gas equals τ cool ≈ 8.4 Myr. Remember-
ing that M82 has experienced recent star formation, we speculate
that the structure could be a superbubble blown by the stellar winds
and core-collapse SNe in a region of recent star formation. The
short cooling time of the gas suggests that the age of the bubble
does not significantly exceed ∼40 Myr, the lifetime of ∼8 M
stars – the least massive stars capable of producing core-collapse
SNe (McCray & Kafatos 1987; Mac Low & McCray 1988). On
the other hand, if SN 2014J is indeed located inside the bubble and
is a descendant of the same population of young stars, the age of
the population should at least exceed ∼40 Myr, to allow sufficient
time for the first white dwarfs to be produced in the population. In
order to satisfy both constrains, the age of the stellar population in
this region should be around ∼40−50 Myr and the SN would then
belong to the prompt population of Type Ia SNe, likely associated
with massive stars (Mannucci et al. 2005; Scannapieco & Bildsten
2005).
In the 2–10 keV hard band, there is no sign of any sources near
the progenitor region, besides the one to the north-east that is also
present in the soft band. However, in the 6–10 keV band wavdetect
finds a source located ∼1.5 arcsec to the north of the SN position.
The source is associated with a somewhat extended structure lo-
cated near the SN position. Because of this structure, there is a
≈2.4σ excess above the local background level in the 4.5 pixel
aperture centred at the SN position. However, the excess virtually
disappeared when we excluded the observation 10542 affected by
the readout streak from the analysis. We therefore conclude that the
hard source and the excess counts in the SN position are most likely
caused by a somewhat incomplete removal of the readout streak
in the observation 10542. We note that its effect is insignificant in
other bands, due to the hard spectrum of the source producing the
readout streak.
2.2 Upper limits on the supernova progenitor luminosity
In calculating upper limits on the luminosity of a possible supersoft
X-ray source at the position of SN 2014J, we limited ourselves to
MNRAS 442, 3400–3406 (2014)
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Figure 2. Part of the stacked image of Chandra observations (see Table 1),
showing the sources found by wavdetect for photon energies in the soft
(top) and hard (bottom) bands. The cross marks the position of SN 2014J.
photon energies between 300 eV and 1 keV. The reason for adopting
300 eV as a lower limit is the fact that Chandra’s response is known
to be unreliable for photons below this energy. The upper limit of
our energy filtering comes from the expectation that supersoft X-ray
sources will not emit any significant amount of energy above 1 keV
(e.g. Greiner, Hasinger & Kahabka 1991).
We ran wavdetect on the 300 eV to 1 keV image and found
no sources other than those detected in the 0.5–2 keV band im-
age (Fig. 2). In order to compute upper limits on the source
luminosity we performed standard aperture photometry analy-
sis. We fixed the source region radius at 4.5 pixel, which for
Chandra’s point spread function includes ∼98 per cent of counts
from an on-axis point source (fig. 4.6 in the Chandra manual
Figure 3. Part of the stacked image of Chandra observations (see Table 1),
showing the source region (thick-lined circle, 6 arcsec radius) and two
background regions (thin-lined circle, 6 arcsec radius) used to extract the
spectrum of the region of enhanced diffuse emission in which the SN is
located. The cross marks the position of SN 2014J.
at http://cxc.harvard.edu/proposer/POG/html/chap4.html). For the
background region we used an annulus with inner and outer radii
of 4.5 and 13 pixels, respectively, and excluded the 3.5 pixel circle
centred at the position of the point source found just south of the
SN position by wavdetect. In the source region we detected 131
counts, while the expected number of background counts (rescaled
to the source region area) is 150.7, giving net source counts of
−19.7 ± 11.5 counts. The negative signal in the source region is
obviously caused by the complex non-uniform diffuse emission
around the SN position. Finally, we recomputed the average back-
ground level in the source aperture using the entire 13 pixel circle
at the SN position, while still excluding the point source to the
South of the SN position (see Fig. 4), and obtained 148.2 counts per
4.5 pixel aperture. From this value we compute the 3σ upper limit
on the number of source counts as μ = 3 × √148.2 = 36.5.
The upper limit of the luminosity of the hypothetical supersoft
X-ray source in the 0.3–1 keV energy band was found using the
formula
LX,UL = 4πμ〈Eγ 〉d
2
ζ
,
where μ is the 3σ upper limit on the source count obtained above,
〈Eγ 〉 is the average energy of the photons found from the absorbed
XSPEC model for the assumed spectrum, d is the distance to the SN
and ζ is the value of the exposure map for the given spectrum at
the position of the SN on the detector. Spectral weights, needed to
compute the exposure map, were calculated assuming an absorbed
blackbody spectrum (xsphabs and xsbbody from CIAO’s spectral
fitting tool SHERPA) for four values of effective temperature: 30, 50,
100 and 150 eV and with a neutral hydrogen column of NH =
4.21 × 1021 cm−2 (see below).
The upper limit on the luminosity thus obtained needs to be cor-
rected for the interstellar absorption. To this end we used Chandra’s
MNRAS 442, 3400–3406 (2014)
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Table 2. Upper limits of the supersoft X-ray and bolometric luminosities of the progenitor of
SN 2014J, assuming a blackbody supersoft X-ray source.
Teff 3σ UL source 〈Eγ 〉 ζ 3σLX,UL 3σLX,UL 3σLbol, UL
counts (4.5 pixel absorbed unabsorbed unabsorbed
(eV) radius region) (erg count−1) (s × cm−2) (erg s−1) (erg s−1) (erg s−1)
30 36.5 7.1 × 10−10 6.3 × 107 6.0 × 1035 4.9 × 1038 5.2 × 1040
50 36.5 8.1 × 10−10 9.4 × 107 4.6 × 1035 6.9 × 1037 4.9 × 1038
100 36.5 1.1 × 10−9 1.9 × 108 3.0 × 1035 7.2 × 1036 1.2 × 1037
150 36.5 1.2 × 10−9 2.4 × 108 2.7 × 1035 3.2 × 1036 4.5 × 1036
Figure 4. Part of the stacked image of Chandra observations (see Table 1),
showing the placement of the region from which we extracted the back-
ground counts. The excluded, crossed-out circle corresponds to the point
source found by wavdetect and does not contribute to the background
counts. The cross marks the position of the SN progenitor.
PIMMS tool.1 This yielded the unabsorbed luminosity of the source
in the supersoft X-ray band (i.e. between 300 eV and 1 keV). Bolo-
metric corrections were then applied to the unabsorbed luminosities
according to each of the assumed effective temperatures to obtain
the upper limits on the bolometric luminosity of the source. Our
results are summarized in Table 2.
The absorbing neutral hydrogen column, NH, can be found from
the reddening via the relation given in Gu¨ver & ¨Ozel (2009):
NH = 2.21 × 1021cm−2AV = 2.21 × 1021 × RV × E(B − V ),
where AV is the visual extinction. We use the values reported by
Goobar et al. (2014), i.e. E(B − V)total = 1.36 (E(B − V)host = 1.22,
E(B − V)MilkyWay = 0.14) and RV = 1.4. This yields a neutral
hydrogen column of NH = 4.21 × 1021 cm−2.
To generalize our results to other values of NH, we show in Fig. 5
the behaviour of the upper limit values as a function of Teff and NH. In
order to survey the large parameter space, we made use of the PIMMS
tool, instead of accurately computing the value of the exposure map
at the SN position. As almost all of our pre-explosion observations
1 http://cxc.harvard.edu/toolkit/pimms.jsp
Figure 5. 3σ upper limits on the bolometric luminosity (assuming a black-
body spectrum) of any putative supersoft X-ray source progenitor of SN
2014J, for varying effective temperature and column density. The lines cor-
respond to constant value of the upper limit on the NH−Teff plane. The
curves are marked by the corresponding upper limit values. The horizontal
line shows the column value used in this study, i.e. 4.21 × 1021 cm−2.
Table 3. Upper limits of the soft and hard X-ray luminosities of the pro-
genitor of SN 2014J, assuming a  = 2 power law.
3σ UL
Photon source count 〈Eγ 〉 ζ 3σLX,UL 3σLX,UL
energies (4.5 pixel absorbed unabsorbed
(keV) radius region) (erg count−1) (s cm−2) (erg s−1) (erg s−1)
0.5-2 57.1 2.0 × 10−9 4.1 × 108 4.1 × 1035 1.0 × 1036
2-10 28.4 6.5 × 10−9 2.6 × 108 1.0 × 1036 1.1 × 1036
were made during (501.33/828.11 ks) or before (304.93/828.11 ks)
Chandra Cycle 10, and all but four (observations 378, 379, 380, and
1302, constituting only 33.6 out of the total 828 ks) used the ACIS-
S detector, we used the ACIS-S Cycle 10 instrument response in
converting the count rate to energy flux. Comparison with our more
precise calculations above shows that the accuracy of the PIMMS-
based calculation is better than 10 per cent. Note that we did not
consider NH < 4 × 1020 cm−2, this being the Galactic foreground
H I column density as given by Dickey & Lockman (1990).2
For completeness, we also calculated upper limits on the X-ray
luminosity in the 0.5–2 keV and 2–10 keV bands assuming a generic
 = 2 power-law spectrum. These upper limits are summarized in
Table 3.
2 http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl
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Table 4. Upper limits of the soft and hard X-ray luminosities of SN 2014J,
assuming a  = 2 power law.
3σ UL
Photon source counts 〈Eγ 〉 ζ 3σLX,UL 3σLX,UL
energies (4.5 pixel absorbed unabsorbed
(keV) radius region) (erg count−1) (s cm−2) (erg s−1) (erg s−1)
0.5-2 12.4 2.0 × 10−9 2.2 × 107 1.7 × 1036 4.3 × 1036
2-10 5.9 6.5 × 10−9 1.5 × 107 3.7 × 1036 3.9 × 1036
2.3 Post-supernova observations
Using the same method as for the stacked pre-explosion observa-
tions, we calculated upper limits to the X-ray luminosity of the
SN after the explosion. As with the soft and hard bands mentioned
above, we assume a generic power-law spectrum with the photon
index of  = 2. Our results are summarized in Table 4. Fig. 6 shows
the post-SN observation images in the soft and hard bands.
3 D ISC U SSION
With the upper limits presented in Nielsen et al. (2012, 2013a)
the total number of nearby (<25 Mpc) Type Ia SNe for which pre-
explosion Chandra observations are available is now 15: SN 2002cv,
SN 2003cg, SN 2004W, SN 2006X, SN 2006dd, SN 2006mr, SN
2007gi, SN 2007on, SN 2007sr, SN 2008fp, SN 2011fe, SN 2011iv,
SN 2012cu, SN 2012fr and SN 2014J. None of these show strong
evidence of supersoft X-ray emissions from progenitors (Voss &
Nelemans 2008; Nielsen et al. 2012, 2013a), although the case of
SN 2007on is ambiguous (Roelofs et al. 2008).
For SN 2014J, our results rule out a naked (i.e. one that is not
obscured by local material) supersoft X-ray source progenitor of Lbol
 1.2 × 1037 erg s−1 if its effective temperature exceeds 100 eV.
Therefore, if the accreting white dwarf in a single-degenerate Type
Ia SN progenitor system has a photospheric radius comparable to
the near-Chandrasekhar mass white dwarf radius, and is free of
significant amounts of local obscuring material, then our results
firmly rule out such a progenitor for SN 2014J.
A similar conclusion has been reached for SN 2007sr, SN 2011fe
and SN 2012fr, and tentatively also for SN 2006dd and SN 2006mr
(see fig. 2 in Nielsen et al. 2013a). These results suggest that in
these six objects either the progenitors are not unobscured single-
degenerate systems, or their effective temperatures immediately
before the explosion are lower than expected in the standard single-
degenerate scenario. If the systems are sufficiently obscured by local
material, or if the white dwarf is spinning rapidly as a result of the
accretion process and needs to spin down to reach core densities
and temperatures required for the SN explosion (Di Stefano, Voss
& Claeys 2011), then this conclusion is not valid.
Because of the considerable absorbing neutral hydrogen column,
the Chandra observations do not provide significant constrains in
the lower range of supersoft X-ray sources’ effective temperatures.
The upper limit exceeds ∼1038 erg s−1 for temperatures below
60 eV.
4 C O N C L U S I O N S
SN 2014J in M82 is the nearest Type Ia SN in four decades, and the
position of the progenitor system has been observed extensively by
the Chandra X-ray Telescope prior to the SN explosion.
We examined the totality of pre-explosion observations from the
Chandra data archive and found no evidence of an X-ray progenitor
Figure 6. Part of Chandra observation 16580, for soft and hard photon
energies, showing the sources found by wavdetect (thin ellipses). The
crosses show the position of the SN.
for SN 2014J. We calculated upper limits on the X-ray and bolomet-
ric luminosities of the progenitor (Tables 2, 3, Fig. 5). Our results
firmly rule out the progenitor being a single-degenerate system with
a photospheric radius comparable to the near-Chandrasekhar mass
white dwarf radius and mass accretion rate in the range where sta-
ble nuclear burning can occur, unless the system is obscured by
local material or is going through a spin-down period after ending
its supersoft X-ray source stage. This is in agreement with results
obtained for several other nearby Type Ia SNe with pre-explosion
images in the Chandra archive. Due to the presence of a large ab-
sorbing column we cannot rule out a low luminosity (4 × 1037
erg s−1) supersoft X-ray progenitor with kTeff  70 eV.
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We also examined the one existing Chandra observation made
after the SN explosion, and found no evidence of X-ray emission
on the position of the SN. We calculated upper limits on the X-ray
luminosity of SN 2014J (Table 4).
SN 2014J is located in the centre of a region of enhanced soft
diffuse emission, roughly 200 pc across, which appears to be a SN-
inflated bubble around a region of recent star formation. The short
cooling time of the gas, estimated from the X-ray spectral analysis,
suggests a relatively young age of the bubble. If SN 2014J is indeed
located inside the bubble, it belongs to the prompt population of
Type Ia SNe, with the delay time of the order of ∼50 Myr.
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